The 
Introduction
The purpose of the study is to analyse the trends in the interaction between state companies (hereinafter -state-owned companies, in Russia, companies with state participation, which implement innovative development programs, are the companies approved by the order of the Chairman of the Government of the Russian Federation dated November 7, 2015 No. DM-P36-7563 and currently include 57 societies with state participation, state corporations, state companies and Federal state unitary enterprises that have developed innovative development programs) implementing innovative development programs (hereinafter -IDP) and universities.
The subject of the study is to use institutional forms and quantitative indicators of both innovative development and partnership in the educational and scientific sphere, in which one of the participants is a state company and the other participant is a state university. Based on the results of the study, a regression was built for 48 Russian state-owned companies, which makes it possible to show whether there is a correlation between the costs of research and development (hereinafter R&D), the number of patents and the revenues of state companies. The article also offers recommendations on the further improvement of Russia's economic policy for the long-term period.
The article consists of two parts. The first part studies the key indicators and trends of the global innovative development that explains the interconnectedness of various indicators of innovative development of the national economies, which is reflected in the integral level of competitiveness. The latest world statistical data analyse the R&D sector among the leading countries and the BRICS countries as a universally recognized indicator of their "striving" to achieve scientific and technical superiority. The article notes the importance of orientation of state companies on global competitiveness and the world market, emphasizing the role played by innovation, technology and science in this development. The business sector is the main source of R&D in the world and, at the same time, the consumer.
In the second part, we will answer the question about how to increase the innovative activity of state companies giving a description of the results of implementation of IDP with state participation. In addition, the main issue that must be studied is whether the transformation and the active role that state companies should play can change the traditional view of the inefficiency of state enterprises and whether this can be an alternative to privatization. The article uses statistical research methods, the methods of comparison, clustering and regression analysis.
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The level of expenditures on research and development, the global innovation index (Table 1 ) and the jurisdictions of the largest companies confirms the interconnectedness of such categories as labor productivity, (technology, capital, people), innovative receptivity, the level of per capita income and the development of services in the industrialized and some developing countries (Pastukhov et al., 2016) .
Since 2007, INSEAD business school (France) together with Cornell University and the World Intellectual Property Organization have been conducting a global study of the world countries in terms of innovation development index (84 indicators are analyzed). Dutta, Lanvin & Wunsch-Vincent, 2016. Studying the rating of 2016, we can conclude that three centres have emerged in the world, which are capable to assume the role of a global innovation leader in the transition to a knowledge-based economy, while three regions compete among themselves in the growth of innovative products (services) in the global commodity turnover. The leaders include Northern Europe and Switzerland. They are the most susceptible to innovations and have a well-established institutional environment. The group of leaders also includes countries of the Anglo-Saxon world with the fourth place in the rating occupied by the USA, the economy of which is the largest in the world by nominal GDP (17,4 trillion dollars, World Bank, 2015) . The third region is represented by Japan and three Asian countries that managed to "move from the third world to the first" (Yew, 2016) . In the ranking of 2016 Russia occupies the 43th position (neighbouring with Turkey and Greece), which is comparable with the level of the BRICS group countries. Despite the higher quality of resource and human potential, in the group of large and rapidly developing countries Russia is inferior to China according to the innovation index. The most significant positive changes in the "Global Innovation Index 2016" among the OECD and BRICS countries in the rating of 2016 compared to 2015 are observed in India (15 positions), Russia (5 positions), China (4 positions), Republic of Korea (3 positions), and among the leaders the rating fell by 5 positions for the Netherlands.
The comparison of the countries' positions according to the global research on the development of innovations (Table 1) with the countries' positions regarding their development level as a sphere of R&D (Table 2) as well as the share of global companies on the global markets, shows the interrelations between the ratings examining various aspects of development. In countries with high labour productivity, and, therefore, actively using high technologies in all spheres of the economy, the global innovation index is higher, which forms the environment for the development of international private and state companies. In addition, on the world market, one of the most significant economic phenomena forming the high economic growth is a breakthrough in the services sector (Esfahani and Ramirez, 2003; Osadchy and Akhmetshin, 2015; Akopova et al., 2017) .
The concentration of competencies (from idea to product) at one enterprise was replaced by the model of "Open Innovations" that makes it possible for the government to set in motion a whole range of activities that stimulate the innovative activity of enterprises and the transition to a knowledge economy. Information and communication technologies, the network nature of interactions in the new conditions makes it possible for state companies, universities, institutions of the Russian Academy of Sciences and start-ups to be involved in innovative development.
The model of "Open Innovations" is gaining popularity in the most dynamic industries, in which the pace of implementation and the cost of development of new solutions is constantly growing as technologies are becoming more sophisticated. The "suppliers" of innovative solutions are universities and scientific organizations capable of ensuring a constant flow of new solutions and developments with a high potential for commercialization. In the developed countries, the volume of the transfer of knowledge and new technologies created in universities and scientific laboratories is constantly growing.
R&D is the basis of innovation. In this regard, the volume of R&D expenditures and personnel indicators are generally recognized as indicators of innovative
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According to the data of the Organization for Economic Development and Cooperation (OECD) in 2010-2015 there was a steady downward trend in the volume of state investments of OECD countries in R&D (the Russian methodology Rosstat) uses the term "Internal costs for research and development" -the actual costs of performing research and development in the country (including those financed from abroad but excluding payments made abroad) expressed in monetary terms. Their assessment is based on the statistical data about the costs of performing research and development by organizations themselves during the reporting year regardless of the source of funding. The definition of Rosstat completely coincides with the definition and the methodology used by OECD. In 2015 more than half of them reduced their R&D budgets in real terms by an average of 1,3% (OECD, 2016b) .
The data about the gross domestic expenditures on R&D in OECD countries in 2014 in real terms show an increase of 2,3%, but this growth is slower than in the previous year 2013 (+ 3,0%). OECD researchers emphasize that the growth of 2013 in the OECD countries was mainly caused by the constant increase in expenditures on R&D carried out by business (+ 2,8%), but in the system of higher education the expenditures remained unchanged (+ 0,2%). As a percentage of GDP, the internal expenditures on R&D in the OECD countries remain unchanged at 2,38% of the GDP (Table 2 ) (OECD, 2016a). The total volume of gross domestic expenditures on R&D in Russia (Rajiv et al., 2015) , universities -99.9 billion RMB with an increase of 11.2% (Basic Statistics on Research and Development Institutions, 2016) . These data show that the main investment sources of development are enterprises (of all forms of ownership) providing capital for R&D with the aim of converting fundamental and applied developments into new or improved technologies, products, services or business processes.
In Russia, the low volumes of investments from the business sector are explained by the structure of the economy, in which a large part is focused on the export of resources and the low level of processing (redistribution). The consequence of this fact is the low innovation activity of a significant share of the Russian economy, and consequently, low expenditures on R&D. In terms of the size of the state (budgetary)
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financing of R&D of the commercial (civil) sector, in relative terms, Russia occupies the first place in the world with a share of 0,4 of its GDP.
Brazil, India, Russia and China have the highest share of state in financing R&D (the methodologies for calculating the costs of R&D slightly differ in different countries) (Figure 1 ), which indicates a low interest of companies in these countries in making innovate capital expenditures. If Russia reduces the share of budgetary financing to the level of the developed countries and China while taking stimulus measures (without lowering domestic expenditure on R&D), it seems that Russian companies will have completely different results on the international arena.
If we consider the expenditures on R&D by types of research in the countries of the BRICS group, then orientation on the applied research indicates the direction of the state policy towards science-intensive innovations (Table 3 ). Gorodnikova, Gokhberg and Ditkovsky, 2016; Rajiv, Gao and Mittal, 2015. * For India, the Therefore, it is necessary to clarify how to redistribute financing to increase private (corporate) financing in relation to state financing, while not losing the accumulated scientific resources. It should be noted that in China one can observe a tendency of reduction of the state's share in financing of research activities. In the period from 2000 to 2013 this share decreased from 33,4% to 22,7%. In Russia, on the contrary, there is an increase in the share of state funding for research and development.
Based on the collected data about the total volume of R&D performed between 2011 and 2015 by 48 state-owned companies implementing programs of innovative development, for the first time in Russia we have built a regression model to establish the relationship between the volume of R&D carried out by state-owned companies and their revenues in the period 2011-2015, as well as to establish the relationship between the amounts of spending of state companies on R&D and the received patents (presented in Part 2 of the article).
The econometric analysis confirms the existence of a certain trap, in which Russia found itself. On the one hand, it is impossible to reduce the expenditures on R&D since this is an important factor in the development of the economy. On the other hand, in state-owned companies state investments into R&D do not lead to a clear increase in innovative activity and development of such products, services and technologies that would generate a significant increase in revenues. A separate program is needed to change the relationship between the financing of research activities of both civil and military innovations towards corporate (non-budgetary) financing. Because business is a source of R&D financing, it follows that it is also the key subject that generates innovations and consumes the created innovations. There is a continuous cycle of research and production, that is, a continuous process of reproduction.
According to the report of the analytical company strategy, in 2016 the volume of investments of 20 leading companies into R&D amounted to 179.3 billion US dollars (PwC's Strategy, 2017). "Intra-firm science" with the costs of small and medium-sized businesses is approximately 64% of the global volume of R&D (World Bank, 2010) .
According to the Director of the Centre for Sociology of Education, Science and Culture of the Institute of Sociology of the Russian Academy of Sciences,
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Klyucharyov (2015) (Gershman, 2013) .
The tendencies of innovative development make it possible to conclude that the state policy and companies both OECD zone and the second largest economy of the world -China are focused on the world market and the global level of competitiveness. Both private and public companies develop programs of long-term innovative development to enhance their own competitiveness. For example, Morris and Jones (199) from the University of Florida have studied the issues of entrepreneurship in the public sector, drew attention to the similar nature of private and public corporations; formalized hierarchies, heterogeneity of stakeholder groups, established procedures and organizational cultures, inflexible systems of financial control, budgeting and stimulation of employees. They note the changed nature of the external environment characterizing it as turbulent. Therefore, not only the private, but also the public sector require a rapid reaction to market signals.
An example of the science-intensive industry with a high degree of state participation in both research and production is the space sector. According to the 2016 State of Innovation Report, Russia and France are the most active in terms of the number of inventions and the introduction of space technologies in the European part of the continent, and in Asia -China. The study summarizes that the aerospace sector on a global scale has demonstrated significant progress in 2015 compared to 2014 in terms of the number of patents. The biggest increase is typical for such industries as spacecraft and satellite technologies (23% growth compared to 2014), technologies for the production and operation of equipment for the aerospace sector (19%), engine building (15%).
The aerospace industry is one of the branches in which Russia has significant scientific, technical and industrial achievements. For many years higher education programs have been functioning providing the industry with highly qualified personnel. Since the advent of the space industry in the Soviet Union it has been characterized by a high concentration of significant initial investments, which only the state is able to implement. Given the low attractiveness of the space industry for private investors and a long cycle of the invested capital, the system of state financing has allowed the industry to survive after the collapse of the Soviet Union and have several achievements. At the same time, the drawback of the existing system is that it does not allow a rapid introduction of innovations in the production and introduction of innovative products to the market.
In our view, the increased role of private aerospace companies, which is already being observed in the United States, can eliminate this shortcoming (for more details see: Space Exploration Technologies Corporation (SpaceX), which developed and launched into space a light spacecraft Falcon 1, created a private spacecraft (the Dragon project), launched a satellite (SES-8) to the geostationary orbit, etc.). In order not to lose competitive advantages in the aerospace industry, Russia needs not only to intensively develop the infrastructure, but also to establish cooperation with newly created private aerospace companies, future national leaders in Russia, in 2011, a private Russian space company Dauria Aerospace was developing and manufacturing small spacecraft of the new generation as well as offering components for small space vehicles; service systems, sensors, executive bodies. The company operates in Russia, Germany and the USA. In its field Dauria Aerospace is one of the fastest growing companies in the world with a focus on the global market and international cooperation, which are more flexible than state companies and can introduce innovations into production and bring them to the market.
We believe that Russia also needs a reorientation of the strategies of state companies with a focus on global cooperation and the world market. So far, the Russian legislation only mentions the need for state companies to develop international cooperation.
Interaction of universities and state companies in the scientific and educational spheres on the example of Russia
Since 2010, the growth rate of the economy has significantly decreased and it has became obvious that the previous growth model conditioned by high prices for traditional export goods, capital inflows into the country and rapid growth in household consumption (the volume of lending was growing from 2002 to 2007 at an average of 40% per year, and from 2008 to 2013 the growth of the lending volumes amounted to an average of 10% a year), had exhausted its capabilities (Nikitin, 2016) . In 2013, the internal factors hindering the growth were compounded by restrictive political and economic measures containing the inflow of credits and investment capital as well as international exchange of technologies by the OECD countries.
The need to implement incentive measures emerged a long time ago (Gorodnikova et al., 2016; Latyshev and Akhmetshin, 2015) . In the last 5 years in the period from 2010 to 2015 no more than 10% of Russian enterprises implemented innovations, and only 8,3% of industrial enterprises implemented technological innovations. At the same time, the share of innovative products in the total amount of goods, works and services in 2015 did not exceed 8,4%, (Kokueva and Tsertseil, 2016) , and in
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2014 it was 9,7% (Abdrakhmanova et al., 2015) . In the cycle from R&D to product, state companies (and not only them) are both ordering customers and consumers of innovation. However, the demand for innovations is possible only in the competitive struggle both on the domestic and international markets. Investments in R&D are, first of all, advancing the future competitiveness. This is done only by those companies that understand the threats related to the competition.
Since in the competitive environment investments into R&D come from the companies' own profits, the R&D efficiency is higher than with public funding. Such behavior of state-owned companies leads to an increase in the overall innovation activity in the country (e.g., China), which can be clearly seen in international ratings that take into account various factors. In Russia, there is a weak relationship between investments into R&D by state-owned companies and revenue growth.
Given the prevalence of state investments into R&D in Russia and the impossibility of changing this ratio in a short time, an increase in the effectiveness of state companies in the sphere of innovation is an important step towards increasing the efficiency of Russia's innovation policy along with the development of proposals to stimulate private investments. To develop measures aimed at increasing the effectiveness, we will analyze Russia's policy in the field of interaction of universities and state companies in the scientific and educational spheres in order to identify the strong features of the chosen model of interaction and develop recommendations for overcoming weaknesses.
The indicators characterizing quantitative assessment of the development of interaction between state companies and universities and scientific organizations recommended by state bodies for inclusion into the innovative development programs include:
• the number of employees of state companies, who have been retrained in universities (people); • the number of employees of state companies, who have undergone advanced training in universities (people); • the volume of funding for research and development works (hereinafter -R&D) carried out by scientific organizations on the order of the stateowned companies (million rubles); • the amount of funding for retraining of employees of state companies in universities (million rubles); • the amount of funding for improving the qualifications of employees of the state-owned companies in universities (million rubles).
In 2016 -2017 the authors analyzed the dynamics of the planned indicators of interaction between 42 state companies and universities from 2016 to 2020, which makes it possible to understand the trends and directions of development of interaction in the scientific and educational spheres in Russia. On the whole, all indicators have a positive trend.
The volumes of financing of R&D, retraining and advanced training of employees carried out by scientific organizations and universities, the indicators of the number of employees of state companies that have been retrained and/or improved their qualifications in universities are shown in Table 4 . The planned volume of financing of research and development carried out by scientific organizations on orders of state-owned companies is growing by 36,6% from 2016 to 2020, the amount of funding for research and development carried out by universities is growing from 2016 to 2020 by 92,4% (Figure 2 ). The volume of orders for R&D carried out by universities is growing year by year faster than the volume of orders for R&D performed by scientific organizations. The demand for the scientific potential of higher educational institutions is growing at an accelerating pace in relation to scientific organizations, which indicates the growing competence of universities in the scientific and production fields.
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Regarding the indicators of costs for retraining and advanced training, it can be concluded that the planned amount of funding for improving the qualifications of state employees in universities is increasing from 2016 to 2020 by 23,9%, the amount of funding for retraining of state employees in universities is growing from 2016 to 2020 by 27,8% (Figure 3) . As aggregate indicators for the personnel policy in the innovative development programs of state-owned companies the following indicators have been selected.
The number of employees of state-owned companies to undergo advanced training in higher educational institutions is increasing from 17,577 people in 2016 to 19,650 people in 2020 (Figure 4) . Advanced professional training is the training of employees with the purpose of deepening and improving the existing professional knowledge of the employees, which are necessary for a certain type of activity indicating that the demand for professional development is stable. This indicator slightly increases from 2016 to 2020 (by 10,5%), which is primarily caused by the consistent planning by state-owned companies of the transition to new technologies and the training of personnel for these purposes. The number of employees to be retrained in educational institutions of higher education increases from 3,052 people in 2016 to 3,810 people in 2020 (Figure 4) .
As a rule, this retraining is associated with the acquisition of a new specialty. Regarding the indicator "the number of employees of the Company retrained in universities", it can be noted that this indicator is growing insignificantly, but at a faster pace than the indicator of the advanced training of employees. From 2016 to 2020 the growth was 24,8%. Dynamic growth is demonstrated by the financing of advanced training of employees of state-owned companies in universities, which also indicates the demand for this type of training, the existence of demand on the market for continuing education.
One of the characteristics of the planning of expenditures of state companies on additional professional training of their employees is a unit cost of training (Table  5) .
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Innovative Development Programs 700 In The total number of employees of state companies to be retrained in educational institutions of higher education during the program period is increasing ( Figure 5 ). In 2016, the value of this indicator, considering the plans of all the analysed stateowned companies, is 3,052 people. In 2016, the cost of advanced training of one employee will be 22,3 thousand rubles, increasing insignificantly until 2020 to 24,7 thousand rubles ( Figure 6 ). The analysis shows that the cost of both retraining and advanced training of one employee increases slightly from 2016 to 2020, which, on the whole, demonstrates a real decrease in financing (taking into account inflation and other factors) per employee of a state-owned company.
In the scientific sphere universities and scientific organizations are executing R&D on orders of state companies. Quantitative indicators are provided to make a quantitative assessment of the planned activities. A dynamic growth is characteristic for indicators of the volume of financing of R&D carried out by both universities and scientific organizations on orders of state companies. There is an annual increase in financing, which indicates a stable
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demand of state companies for such services. In 2016, the total amount of funding for research and development carried out by universities on the orders of state companies is 6,7 billion rubles, in 2018 it will increase to 8,6 billion rubles, and by 2020 the amount of financing is expected to reach 12,9 billion rubles (Figure 7) . The analysis of the peculiarities of interaction between universities and state companies in the scientific and educational spheres leads to the conclusion that the strengths of such interaction are the increased demand for the scientific potential of higher education institutions among state-owned companies, which proves the growing competencies of universities in the scientific sphere. The demand of stateowned companies for the improvement of qualifications of their personnel is stable with insignificant growth during the analysed period, which relates to the plans of state companies in the field of personnel training for the transition to new technologies. Based on the results of the conducted analysis it is expedient to recommend to the state companies to increase the unit cost of training of their employees to improve the efficiency of training compared with the current versions of innovative development programs submitted for analysis (it can be noted that considering the inflation factor, the unit cost of employees training even decreases by 2020 in comparison with 2016).
The plans presented by state-owned companies regarding innovative development programs include an increase in R&D funding. To determine whether this increase in funding will raise the efficiency of innovation activities of state companies, it is necessary to establish whether there is a correlation between R&D expenditures and indicators reflecting the effectiveness of innovation activities. The determination of such interrelationship will make it possible to plan the necessary increase in R&D expenditures sufficient to achieve the target performance indicators of innovation activities of state companies. As an indicator of effectiveness, we use the revenues of state companies and the number of patents.
The Results of Modeling
Based on the collected data on the total volumes of R&D performed by 48 companies implementing innovative development programs, a regression model was built to determine whether there is a relationship between the amount of expenditures of state companies on R&D and their revenues for the period from 2011 to 2015. Presented below (Table 6) (Mau and Ulyukaev, 2015) .
We conducted an analysis to determine the relationship between the number of registered patents (objects of intellectual property) and expenditures of the state companies on R&D.
According to the Oslo Manual (2010) We have analysed the available data on 30 companies for 2 years. Based on the analysis, the dependence in the general case looks as follows:
where the resultant variable y is the value of the company's annual expenditures on R&D, and variable x -the number of patents registered by the company in the reviewed year. The statistical dependence is supported by the following indicators (Table 7) . The second model established the relationship between the volume of R&D conducted by state-owned companies and the number of patents received (at the same time, innovative development programs in state-owned companies include: the number of intellectual property objects, the number of patents received in the current year and the previous two years, the number of patents used, the number of international applications, the number of the registered intellectual property items, etc.
The values of the number of patents used in the regression model can contain many types of intellectual property. A hypothesis about the existence of relationship between the number of registered patents (objects of intellectual property) and expenditures of a state company on R&D was confirmed at the level of significance of 95%. The model turned out to be significant. V.A. Pastukhov, N.S. Kliman, D.S. Alekseev 705 The amount of expenditures on R&D and the indicators on the personnel engaged in research and development are the generally recognized indicators of innovative development and the main indicators of the effectiveness of countries' policies in stimulating innovation. High rates of labor productivity make it possible to ensure a high level of social and economic development. The latter is achieved through state policies aimed at the development of human capital, in particular, the financing of education and science. The sector of R&D in the developing countries continues to grow very rapidly mainly through public investments, however, in the developed economies the growth is caused by private (corporate) investments.
Conclusions
In Russia the revealed regularity suggests that investments into R&D play an important role regardless of the sources of financing, but private capital, which is both the customer and the consumer of innovations, is the most effective source of investments into R&D. One of the factors contributing to the low volumes of investments into research and development by the business sector in Russia is the structure of the economy focused on export with a low level of processing (redistribution).
However, many Russian state-owned companies implementing innovative development programs operate in science-intensive industries with high added value, which makes it possible to conduct international comparisons and to compare the generally accepted development criteria. To increase the role of the business sector in financing R&D in Russia it is necessary to actively use "soft" state policy measures that improve the investment climate, to improve the legislation in the area of innovation and investment cooperation and to refocus the innovation development strategies/innovative development programs on the global cooperation and the world market (A mere description of some joint projects in government documents is not sufficient). A purposeful system of measures is required that makes investments into R&D attractive from internal sources of state-owned companies facilitating the creation of intellectual property.
The results of the analysis aimed at verifying the existence of relationship between the number of registered patents and the expenditures of state-owned companies on R&D, some of which are carried out by universities, confirm the hypothesis. However, more efficient is the financing of R&D from the companie's own sources as seen in China. An active role of the state, which sets the model for the development of state companies, changes the traditional notion of the inefficiency of state enterprises and may be an alternative to privatization.
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